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(54) Lithographic apparatus with gas flushing system 



(57) in a lithographic apparatus using exposure 
radiation of a relatively short wavelength, e.g. 157 or 
1 26 nm, a laminar flow of N2 is provided across parts of 
the beam path in or adjacent to moving components of 
the apparatus. The laminar flow Is faster than the maxi- 
mum speed of the moving components and the diffusion 
rate of air thereby minimizing the contamination of the 



N2 by mixing with air. Laminar flow may be ensured by 
providing partitions to divide the beam path into sepa- 
rate spaces, by covering rough or non-planar surfaces 
in components on or adjacent to the laminar flow and by 
providing aerodynamic members. 
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Description 

[0O01] The present invention relates to the use of 
gas flushing in lithographic apparatus. More particularly, 
the invention relates to the use of such a gas flushing s 
system in lithographic projection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation: 

a first object table for holding a mask; io 
a second object table for holding a substrate; and 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate. 

75 

[0002] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens": how- 
ever, this term should be broadly interpreted as 
encompassing various types of projection system, 
including refractive optics, reflective optics, catadioptric 20 
systems, and charged particle optics, for example. The 
illumination system may also include elements operat- 
ing according to any of these principles for directing, 
shaping or controlling the projection beam of radiation, 
and such elements may also be referred to below, col- 25 
lectively or singularly, as a 'lens". In addition, the first 
and second object tables may be referred to as the 
"mask taWe" and the "substrate table", respectively. Fur- 
ther, the lithographic apparatus may be of a type having 
two or more mask tables and/or two or more substrate 30 
tables. In such "muttiple stage" devk:es the additional 
tables may be used in parallel, or preparatory steps may 
be carried out on one or more stages while one or more 
other stages are being used for exposures. Twin stage 
lithographic apparatus are described in International 35 
Patent Applications WO 98/28665 and WO 98/40791, 
for example. 

[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the mask (reticle) may con- 40 
tain a circuit pattern corresponding to an individual layer 
of the IC, and this pattern can be imaged onto a target 
portion (which may comprise one or more dies) on a 
substrate (silicon wafer) which has been coated with a 
layer of photosensitive material (resist). In general, a 45 
single wafer wilt contain a whole network of adjacent 
dies that are successively irradiated via the reticle, one 
at a time. In one type of lithographic projection appara- 
tus, each die is irradiated by exposing the entire reticle 
pattern onto the die in one go; such an apparatus is so 
commonly referred to as a wafer stepper. In an alterna- 
tive apparatus — which is commonly referred to as a 
step-and-scan apparatus — each die is irradiated by 
progressively scanning the reticle pattern underthe pro- 
jection beam in a given reference direction (the "scan- 55 
ning" direction) while synchronously scanning the wafer 
table parallel or anti-parallel to this direction; since, in 
general, the projection system will have a magnification 



factor M (generally < 1 ), the speed V at which the wafer 
table is scanned will be a factor M times that at which 
the reticle table is scanned. More information with 
regard to lithographic devices as here described can be 
gleaned from International Patent Application WO 
97/33205. 

[0004] To reduce the size of features that can be 
imaged, it is desirable to reduce the wavelength of the 
illumination wavelength. To such end, it has been pro- 
posed to use wavelengths of less than about 200 nm. 
for example 157 nm or 126 nm. However, such wave- 
lengths are strongly absorbed by normal atmospheric 
air leading to unacceptable loss of intensity as the beam 
traverses the apparatus. To enclose the entire appara- 
tus and operate in vacuum would Introduce unaccepta- 
ble delays in wafer and reticle exchange whereas to 
flush the entire apparatus with a gas which does not 
absorb the illumination wavelength, such as ultra-pure 
nitrogen (N2), would result in excessive operating costs 
due to the consumption of the gas in an imperfectly 
closed machine. 

[0005] An object of the present invention is to pro- 
vide a system for reducing absorption of the illumination 
and projection beams in a lithographic projection appa- 
ratus whilst avoiding detrimental effects on the through- 
put and maintenance overhead of the apparatus as well 
as reducing the use of expensive consumables. 
[0006] According to the present Invention there is 
provided a lithographic projection apparatus compris- 
ing: 

a radiation system for supplying a projection beam 
of radiation; 

a first object table for holding a mask; 
a second object table for holding a substrate; and 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate; characterized by: 

flushing gas means for generating a substantially 
laminar flow of flushing gas across at least a part of 
the path of said projection beam to displace ambi- 
ent air therefrom, said flushing gas being substan- 
tially non-absorbent of said radiation of said 
projection system. 

[0007] In embodiments of the present invention, the 
spaces traversed by the projection beam are flushed 
with a laminar flow of ultra-pure nitrogen (N2), or other 
gas (e.g. Helium. Argon or Xenon) transparent to the 
illumination radiation used. To ensure laminar flow and 
minimize turbulence, the various spaces are separated 
from one another and all parts are smoothed as far as 
possible. The effective Reynolds number of the system 
is thereby reduced, because of the reduction of the 
hydraulic diameter of the system and because relatively 
rough areas are covered. The flow speed of the nitrogen 
in each space is maintained higher than the maximum 
speed of any moving parts in that space and. in all 
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cases, higher than the diffusion speed of air. In this way, 
and due to the minimization of turbulence vortices, con- 
tamination of the flushing gas is minimized and the gas 
may be recovered and re-used. Re-use of the gas may 
be in the same area from which it was recovered or may 5 
be elsewhere, e.g in a cascade fashion. In such an 
arrangement, fresh flushing gas is supplied to the most 
crftical area(s) and then re-used in successively less 
critical areas. The flushing gas may of course be 
cleaned or scrubbed before re-use and mixed with fresh 70 
gas as desired to control contamination levels. 
[0008] In this way, the Invention minimizes absorp- 
tion of the illumination radiation and minimizes con- 
sumption of flushing gas whilst avoiding the need for 
sealing the apparatus and hence minimizing downtime 15 
in wafer and reticle exchange. 

[0009] According to a further aspect of the invention 
there is provided a method of manufacturing a device 
using a lithographic projection apparatus comprising: 

20 

a radiation system for generating an illumination 

beam; 

a first object table for holding a mask; 

a second object table for holding a substrate; and 

a projection system for imaging Irradiated portions 25 

of the mask onto target portions of the substrate; 

the method comprising the steps of: 

providing a mask bearing a pattern to said first 

object table; 

providing a substrate provided with a radiation-sen- 30 
srtive layer to said second object table; 
irradiating portions of the mask and imaging said 
irradiated portions of the mask onto said target por- 
tions of said substrate; characterized by the step of: 
providing flushing gas to flow in a substantially lam- 35 
tnar flow across at least a part of the beam path of 
said projection beam to displace therefrom ambient 
air, said flushing gas being substantially non- 
absorbent of said radiation of said projection sys- 
tem. 40 

[0010] In a manufacturing process using a litho- 
graphic projection apparatus according to the invention 
a pattern in a mask is imaged onto a substrate which is 
at least partially covered by a layer of energy-sensitive 45 
material (resist). Prior to this imaging step, the substrate 
may undergo various procedures, such as priming, 
resist coating and a soft bake. After exposure, the sub- 
strate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development, a hard bake so 
and measurement/inspection of the imaged features. 
This array of procedures is used as a basis to pattern an 
individual layer of a device, e.g. an IC. Such a patterned 
layer may then undergo various processes such as 
etching, ion-implantation (doping), metallization, oxida- 55 
tion, chemo-mechanical polishing, etc.. all intended to 
finish off an individual layer. If several layers are 
required, then the whole procedure, or a variant thereof, 



will have to be repeated for each new layer. Eventually, 
an array of devices wilt be present on the substrate 
(wafer). These devices are then separated from one 
another by a technique such as dicing or sawing, 
whence the individual devices can be mounted on a car- 
rier, connected to pins, etc. Further information regard- 
ing such processes can be obtained, for example, from 
the book "Microchip Fabrication: A Practical Guide to 
Semrconductor Processing", Third Edition, by Peter van 
Zant. McGraw Hill Publishing Co.. 1997, ISBN 0-07- 
067250-4. 

[0011] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 
[0012] In the present document, the terms illumina- 
tion radiation and illumination beam should not be read 
as being restricted to the cited examples of 157 or 126 
nm electromagnetic radiation; it is conceivable that 
other radiation wavelengths or types may be used in the 
present invention, 

[0013] The present invention will be described 
below with reference to exemplary embodiments and 
the accompanying schematic drawings, in which: 

Figure 1 depicts a lithographic projection apparatus 
according to a first embodiment of the invention; 
Rgure 2 is an enlarged view of the mask stage of 
the apparatus of Figure 1 ; and 
Rgure 3 is an enlarged view of the wafer stage of 
the embodiment of Rgure 1 . 

[0O14] In the drawings, like references indicate like 
parts. 

Embodiment 1 

(001 5] Figure 1 schematically depicts a lithographic 
projection apparatus according to the Invention. The 
apparatus comprises: 

a radiation system LA. Ex, IN, CO for supplying a 
projection beam PB of radiation; 
• a first object table (mask table) MT for holding a 
mask MA (e.g. a retrcle), and connected to first 
positioning means for accurately positioning the 
mask with respect to item PL; 
a second object table (substrate table) WT for hold- 
ing a substrate W (e.g. a resist-coated silicon 
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water), and connected to second positioning means 
for accurately positioning the substrate wrth respect 
to item PL; 

• a projection system ("lens") PL for imaging an inra- 
diated portion of the mask MA onto a target portion s 
C (die) of the substrate W. 

As here depicted, the apparatus is of a transmissive 
type (i.e. has a transmissive mask). However, in gen- 
eral, It may also be of a reflective type, for example. io 
[0016] The radiation system comprises a source LA 
that produces a beam of radiation. This beam is passed 
along various optical components comprised in an illu- 
mination system, — e.g. beam shaping optics Ex. an 
integrator IN and a condenser CO — so that the result- is 
ant beam PB is of a desired cross-section and uniformly 
intense throughout its area. 

[0017] The beam PB subsequently intercepts the 
mask MA which is held on a mask table MT Having 
passed through the mask MA, the beam PB passes 20 
through the lens PL, which focuses the beam PB onto a 
target portion C of the substrate W. With the aid of the 
interferometric displacement and measuring means IF, 
the substrate table WT can be moved accurately e.g. so 
as to position different target portions C in the path of 25 
the beam PB. Similarly, the first positioning means can 
be used to accurately position the mask MA with 
respect to the path of the beam PB, e.g. after mechani- 
cal retrieval of the mask MA from a mask library, or dur- 
ing a scan. In general, movement of the object tables 30 
MT, WT will be realized with the aid of a long stroke 
module (course positioning) and a short stroke module 
(fine positioning), which are not explicitly depicted in 
Figure 1 . In the case of a waferstepper (as opposed to a 
step-and-scan apparatus) the mask table may be con- 35 
n acted to a short stroke positioning module only, or it 
may just be fixed. 

The depicted apparatus can be used in two different 
modes: 

40 

1. In step mode, the mask table MT is kept essen- 
tially stationary, and an entire mask Image is pro- 
jected in one go {i.e. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 

the X and/or y directions so that a different target 45 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario 
applies, except that a given target portion C is not 
exposed in a single "flash", instead, the mask table 

MT is movable in a given reference direction (the so 
so-called "scan direction", e.g. the y direction) with 
a speed v. so that the projection beam PB is 
caused to scan over a mask image; concurrently, 
the substrate table WT is simultaneously moved in 
the same or opposite direction at a speed V = Mv , 55 
in which M is the magnification of the lens PL (typi- 
cally M = 1/4 or 1/5). In this manner, a relatively 
large target portion C can be exposed, without hav- 



226 A2 6 

ing to compromise on resolution. 

[0018] In what follows, it will be assumed that the 
radiation system produces UV light with a wavelength of 
157nm. 

[0019] According to the invention, the spaces in the 
apparatus that are traversed by the illumination beam, 
both before and after it has passed through the mask, 
are flushed with a laminar flow of flushing gas. The 
flushing gas may be ultra-pure nitrogen (Ng) or other 
gas or gas mixture sufficiently transparent to the illumi- 
nation radiation used in the apparatus. N2 has an extinc- 
tion coefficient, k, at 1 standard atmosphere of less than 
about 0.0001 per cm traversed, as compared to air at 1 
standard atmosphere for which k is approximately 46 
per cm traversed. The actual gas pressure in the beam 
path may be above atmospheric pressure, so that any 
leak results in an outflow of flushing gas rather than 
contamination by air, or below atmospheric to reduce 
beam absorption further. In critical areas, for example 
the beam delivery and illumination optrcs, the flushing 
nitrogen is provided at high purity, i.e. with an air con- 
tamination of less than 1 ppm. In less critical areas, 
such as the projection lens, a contamination of up to 10 
ppm can be tolerated whilst in the reticle and wafer 
stages contamination levels of up to 100 ppm and up to 
500 ppm respectively may be tolerable. 
[0020] Figure 2 shows the mask stage of the litho- 
graphic apparatus according to the invention in greater 
detail than Figure 1. It will be seen that the mask M is 
held in a recess in mask table MT. which can be manu- 
factured from a ceramic material such as Zerodur 
(RTM) and is positioned by a drive system (not shown) 
during operation of the lithography apparatus. The mask 
table MT is closely sandwiched between the last ele- 
ment of the collimating optics CO, which generate the 
projection beam PB. and the first element of the projec- 
tion lens system PL, which projects the projection beam 
PB, having traversed the mask M, onto the wafer W 
(shown in figures 1 and 3). 

[0021] The mask stage is divided into zones or 
spaces 2 to 6 as follows; space 2 is between the final 
illuminator optics CO and mask table MT; space 3 is 
within the mask table MT above the mask M; space 4 is 
within the mask table MT, between the mask M and pel- 
licle 13; space 5 is within the mask table MT below the 
pellicle 13; and space 6 is between the mask table MT 
and projection lens system PL. Each of the spaces is 
flushed with a substantially laminar flow of flushing gas 
provided from flushing gas supply 1 1 via respective flow 
regulators 1 12 to 1 16. At the other side of each space 
the flushing gas is removed to reservoir 12 via respec- 
tive vacuum pumps 122 to 126. Reservoir 12 may be 
partitioned to allow controlled re-use of the gas in 
selected spaces and may include devices 12a to clean 
or scrub the recovered gas. 

[0022] To ensure laminar flow, the various spaces in 
the mask stage can be separated from one another. In 
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particular, a thin sheet 14, e.g. of a material substan- 
tially transmissive to the employed radiation, such as 
CaF2 or fused SiOj, tor example, is provided to cover 
the recess in the mask table MT and separate space 2 
from space 3. Flow regulators 112, 113 and vacuum 5 
pumps 122, 123 are controlled to ensure that there is 
no, or only minimal, pressure differential between these 
two spaces to avoid loading sheet 14. Sheet 14 is 
arranged to be easily dismountable and replaceable 
during reticle exchange. Similarly, space 5, below pelli- jo 
cle 13. is closed off from space 6, between the mask 
table MT and projection lens PL, by a second thin sheet 
1 5 which may be made of CaF2 or fused SiOa- Sheets 
14 and 15 may also be made of MgF2, BaF2 or any 
other suitable material that transmits radiation at the 75 
wavelength used in the apparatus. Similar sheets may 
also be used to cover any irregularities or dead spaces 
in the system. For example, a third sheet 16 may be 
used to cover the non-flat surface of the first element of 
the projection lens system PL. Sheets 14 and 15 and po 
their like form partitions to isolate parts of the beam path 
in which the laminar flushing gas flow is provided. It 
should be noted that sheets 14. 15 and 16 are provided 
to smooth the laminar flow of flushing gas and need not 
be gas-tight, nor necessarily form a gas-tight seal to the 25 
parts to which they are connected. 
[0023] To supply and remove the gas flow to spaces 
3, 4 and 5, within the mask table MT. appropriate con- 
duits are provided in the body of the mask table. When 
the mask table has been exposed to air, e.g. after a 30 
period of non-operation of the apparatus or after mask 
exchange, flushing gas is supplied for a short period 
before an exposure is taken to flush out any air that may 
have accumulated in non-flat parts of the mask table, 
e.g fiducials. 35 
[0024] In this embodiment a pellicle is provided and 
may be made of solid Si02 or CaF2. Fused silk:a {Si02) 
which has an improved transmission at 157nm may also 
be used. Polymer pellicles are preferably avoided to 
avoid diffusion across them. In some embodiments of 40 
the invention the pellicle may be omitted altogether in 
which case the flushing gas supply is simplified. 
[0025] In any of the spaces, aerodynamic features 
such as small strips or fins may be provided as desired 
to smooth or guide the flushing gas flow and eliminate 45 
or control vortex production. The gas supply and evacu- 
ation conduits, particularly in spaces 2 and 6, are posi- 
tioned to minimize the length of the gas flow to reduce 
the opportunity for mixing with air. 

[0026] Figure 3 shows the wafer stage of the iitho- so 
graphic apparatus of Figure 1. In the wafer stage there 
is only a single space to be flushed - between the last 
element of the projection lens system PL and the wafer 
W. To avoid having to provide a flushing gas path cover- 
ing the entire range of movement of the wafer stage, the 55 
flushing gas supply outlets 17 and evacuation inlets 18 
are mounted on the lower end of the projection lens sys- 
tem PL. either side of the final element. Outlets 1 7 and 



inlets 18 are respectively connected to the flushing gas 
supply 11 and reservoir 12 via flow regulator 117 and 
vacuum pump 127 respectively. The outlets 1 7 in partic- 
ular, but also the inlets 1 8, may be provided with vanes 
to guide the flow of flushing gas. If not already flat, the 
final element of the projection lens system PL may be 
covered with a thin sheet as discussed above. 
[0027] The flow regulators 112 to 117 mentioned 
above may comprise static or controllable pressure or 
flow reducers and/or blowers as required to provide the 
necessary gas flow rates for the particular embocfiment 
and the available gas supply. 

[0028] As described above, a iaminar flow of flush- 
ing gas can be used to reduce absorption of the illumi- 
nation beam in the moving parts of the lithography 
device without leading to excessive consumption of the 
flushing gas. Similar arrangements may also be used in 
the static components, such as the Illumination beam 
generator and shaper and the projection lens system. 
However, it is simpler to seal statk: components than it 
is to seal moving components and it so may be more 
convenient to do so and maintain the static components 
under vacuum or with a static fill of transparent gas such 
as N2. 

[0029] Whilst we have described above a specific 
embodiment of the invention it will be appreciated that 
the invention may be practiced otherwise than 
described. The description is not intended to limit the 
invention. In particular, it will be appreciated that the 
invention may be used in either or both the mask or sub- 
strate stage of a lithographic apparatus, and in any 
other type of apparatus employing a short wavelength 
radiation beam. 

Claims 

1. A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a first object table for holding a mask; 

a second object table for holding a substrate; 

and 

a projection system for imaging an irradiated 
portion of the mask onto a target portion of the 
substrate; characterized by: 
flushing gas means for generating a substan- 
tially laminar flow of flushing gas across at least 
a part of the path of said projection beam to 
displace ambient air therefrom, said flushing 
gas being substantially non-absorbent of said 
radiation of said projection system. 

2. Apparatus according to claim 1 wherein said flush- 
ing gas means comprises a supply of flushing gas, 
a gas flow regulator for controlling the rate of flow of 
flushing gas to said part of said beam path and 
evacuation means for removing flushing gas from 
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said part of said beam path. 

3. Apparatus according to claim 2 wherein said flow 
regulator comprises a flow restrictor. 

5 

4. Apparatus according to claim 2 or 3 wherein said 
flow regulator comprises a blower. 

5- Apparatus according to claim 1. 2. 3 or 4 wherein 
said part of said beam path is substantially sepa- w 
rated from adjacent parts of said beam path. 

6. Apparatus according to claim 1, 2, 3 or 4 wherein 
said flushing gas means is arranged to provide sep- 
arate laminar gas flows across a plurality of parts of is 
said beam path, said parts of said beam path being 
substantially Isolated from each other. 

7. Apparatus according to claim 5 or 6 further com- 
prising at least one partition comprised of a mate- 20 
rial substantially transparent to said radiation and 
positioned parallel to the direction of said laminar 
flow to isolate said part(s) of said beam path. 

8. Apparatus according to claim 7 wherein said parti- 25 
tion closes a recess in said mask table in which said 
mask is mounted. 

9. Apparatus according to any one of the preceding 
claims further comprising at least one cover mem- 30 
ber formed of a material substantially transparent to 
said radiation, said cover member being substan- 
tially planar and provided substantially parallel to 

the direction of said laminar flow to cover a non-pla- 
nar surface of a component of said lithographic 35 
apparatus in or adjacent to said part of said beam 
path. 

10. Apparatus according to claim 9 wherein said cover 
member covers a non-planar surface of an extreme 40 
element of sard illumination system or said projec- 
tion system. 

11- Apparatus according to any one of claim 7 to 10 
wherein said material substantially transparent to 45 
said radiation is selected from the group compris- 
ing: CaFg, Si02. MgF2 and BaFj. 

12. Apparatus according to any one of the preceding 
claims further comprising at least one flow control so 
member provided in said part of said beam path to 
direct said laminar flow or reduce turbulence 
therein. 

13. Apparatus according to any one of the preceding 55 
claims wherein the speed of said laminar flow is 
greater than the maximum speed of movement of 
any moving parts in or adjacent to said part of said 



beam path. 

14. Apparatus according to any one of the preceding 
claims wherein the speed of said laminar flow is 
greater than the diffusion speed of air. 

15. Apparatus according to any one of the preceding 
claims, wherein said flushing gas comprises one or 
more gases selected from the group comprising N2, 
He. Ar, Kr, and Ne. 

16. Apparatus according to any one of the preceding 
claims wherein said flushing gas in said part of said 
beam path has a contamination of air of less that 
500 ppm, preferably less than 100 ppm, more pref- 
erably less 10 ppm and most preferably less 1 ppm. 

17. Apparatus according to any one of the preceding 
claims wherein said flushing gas has an extinction 
coefficient, k, less than 0.005 per cm, preferably 
less than 0.001 per cm. 

18. Apparatus according to any one of the preceding 
claims wherein said radiation of said projection 
beam has a wavelength less than 200 nm, prefera- 
bly 1 57 ± 5 nm or 1 26 ± 5 nm. 

19. A method of manufacturing a device using a litho- 
graphic projection apparatus comprising: 

a radiation system for generating an Illumina- 
tion beam; 

a first object table for holding a mask; 

a second object table for holding a substrate; 

and 

a projection system for imaging irradiated por- 
tions of the mask onto target portions of the 
substrate; the method comprising the steps of: 
providing a mask bearing a pattern to said first 
object table; 

providing a substrate provided with a radiation- 
sensitive layer to said second object table; 
irradiating portions of the mask and imaging 
said irradiated portions of the mask onto said 
target portions of said substrate; characterized 
by the step of: 

providing flushing gas to flow in a substantially 
laminar flow across at least a part of the beam 
path of said projection beam to displace there- 
from ambient air, said flushing gas being sub- 
stantially non-absortent of said radiation of 
said projection system. 

20. A device manufactured according to the method of 
claim 19. 
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